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Introduction 
The objective of this work was to Qevelop a paper chromato- 
graphic technique applicable to the separation and identification 
of the dicarboxylic acids and the polyhydric alcohols. 
The course undertaken to accomplish this goal was to test 
the effectiveness of various solvent systems in resolving the 
compounds, and to investigate the sensitivity of different spray 
reactions toward .the substances studied. In addition, laboratory 
experiments were performed at different teraperatures, mixtures of 
acids and polyols were resolved by the ascending unidirectional 
technique, and a two dimensional run was performed with a mixture 
of dibasic acids. 
Since the dibasic acids were more readily identified than 
the polyols, a higher proportion of time and effort was devoted 
to the investigation of the latter compounds. 
The section which follows gives a list of the compounds 
studied, their structural formulas, and molecular weights. 
2 
DIBASIC ACIDS 
MOL. vs, 
1. Succinic 118 
2. Glutaric HOOC(CH2)3COOH 132 
3. Adipic HOOC( CH2) 4 coca 146 
4. Pimelic IIOOC(CH2)5COOH 160 
5. Azelaic HOOC(CH2)7COOH 188 
6. Sebacic 202 
? • 1-faleic 
HOOC COOR 
\ I c=c 
I \ 
H EI 
116 
8. Fumaric 116 
9. Itaconic 130 
10. Citric CH2COOH 
I 
}IO'·C-COO:H 
I CH2COOR 
192 
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DIBASIC ACIDS 
11. Phthalic 
}!OL. vs, 
166 
12. Iso:phthalic COOH o, 166 
(()0~ 
13. Tere:phthalic 0 166 
COOH 
14. Tetrahy-9ro:phthalio OCooH 170 
COOH 
15. Pyromellitic 245 
HoocOtooH 
HOOC ~ cooH 
16. Benzoic COCH 122 0 
17. p-tert-Butylbenzoic COOH 178 ,Q, 
'1.".J 
18. Het 389 
CJ.. 
c.e. ~cooH c.£·C:l}. 
c.2, C.CoH 
(.l 
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DIBASIC ACIDS 
19. Petrex (Two possible structures) 
MOL. WT• 
252 
1. 
2. 
H O 
ctl_i I II 
a-C-C-OH 
1·--- C-C-OH 
H3C-f-CH3 * g 
H 
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POLYHYDRIC ALCOHOLS 
MOL. WT. 
1. Ethylene glycol 62 
2. Diethylene glycol 106 
4. Propylene glycol 76 
6. Glycerine 92 
90 - 
104 
134 
10. Sorbitol 182 
11. Trimethylolethane 
(TM E) 
120 
12. Trimethylolpropane 
(T M P') 
13. Pentaerythritol 
(Pentek) 
14. Dipentaerythritol 
(Dipentek) 
15. q -Methylglucoside 
16. Neopentyl glycol 
POLYHYDRIC ALCOHOLS 
QR20H 
r J 
HOCH -C-CH OH 2 I 2 
CH20H 
H.., /OCH3 C-----. 
I 
(CHOR)3 o 
I 
HC--- 
1 
CH OH 
2 
CH I 3 
HOCH2-y-cn2oH 
CH3 
6 
MOL. WT. 
134 
136 
254 
194 
104 
*Meet probable structure but ma.y contain isomers 
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Historical 
Mechanism of Paper Chromatograph~ 
Filter paper in an atmosphere saturated with water vapor 
absorbs approximately 22% of water. Consden, Gordon anu Martin 
considered filter paper as an inert support of an aqueous sta- 
tionary phase and explained the observed separations as a result 
of continuous partitions of the substance between the aqueous 
stationary phase and the water Lmm.l sc i hl,e organic solvent flowing 
down (or up) the paper. However some authors dispute this theory, 
and therefore it is not universally accepted. Craig contends that 
an equilibrium could not be established sufficiently fast in a 
system without agitation, and consequently the separations could 
not be explained by simple solvent-solvent extraction. 
A further objection cited is as follows: if the separations 
obtained are due to partition between two solvents, it would be 
impossible to utilize water-miscible solvents, because only one 
phase exists, and therefore no partition is possible. However, 
many workers have effected separations of substances witn water 
soluble solvents such as propanol, acetone, ethanol and even pure 
water. Martin compared the aqueous phase on the paper with a 
concentrated solution of a carbohydrate. He accounts for the fact 
that the aqueous phase on the paper and the Wo.ter miscible organic 
Phase are heterogeneous, by pointing out that a heterogeneous system 
is obtained when a strong solution of glucose is covered with a 
water miscible organic solvent. Martin states, "The stationary 
Phase in a cellulose chromatogram sno ul.d be compared with say a 
strong solution of glucose, or better of some soluble polysac- 
charide rather than water saturated with the organic phase. It 
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should therefore cause no surprise that solvents miscible with 
water can be" used. A strong solution of glucose will form two 
phases with aqueous propanol, the carbohydrate-rich phase con- 
taining a relatively higher proportion of water, the other phase 
a relatively higher proportion of organic solvent." 
Hanes and Isherwood adopted a theory comparable to that of 
Martin's. They contend that the stationary phase is a water 
cellulose complex, and the solute will be held more or less 
strongly in this cbmplex, depending on its hyarophilic 
properties (1). 
Other authors, Block, Durrum, and Zweig consider that re- 
solution of solutes on filter paper may be dependent upon surface 
adsorption, ion exchange, or on partition between two solvents. 
For example, the separation of materials on strips of filter 
paper impregnated with alumina illustrates adsorption phenomena. 
In the resolution of mixtures of ions, some exchange is thought 
to occur with polar constituents of the cellulose and with im- 
purities present in the paper. 
However, these authors conclude that adsorption and ion ex- 
change are present to a lirni ted extent, arid that the predominant 
factor is that of partition between two immiscible phases. They 
explain the mechanism as follows: 
As solvent flows through a section of paper containing the 
solute, a partition of this compound occurs between the mobile 
organic phase and the stationary water phase. Thus some of the 
solute leaves the pa.per and enters the organic phase. When the 
mobile liquid reaches a section of the paper containing no solute 
9 
partition again occurs. This time, solute is transferred from 
the organic ~base to the paper phase. With continuous flow of 
solvent, the effect of this partition between two phases is the 
transfer of a solute from the point of its application to the 
paper to a point some distance along the paper in the direction 
of solvent flow (2). 
Cassidy (3) considers that tbe partitioning process is re- 
lated to the primary function of the mobile phase wh Lch is to 
move the zone, whereas the stationary water-cellulose phase re- 
tards the movement of the zone. The function of the system as a 
whole, consisting of the two phases, is to differentiate between 
the components to be resolved. 
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Experimental 
1. Chromatographic Technique 
In the development of the technique of paper chromatography, 
the most important features which must be taken into consideration 
are direction of solvent flow, type of apparatus, type of paper, 
composition of solvent system, quantity of sample applied to 
paper, temperature conditions, equilibration of the papers and 
apparatus to the solvent vapors, the spray reagents used for 
detecting the zones, and method of recording the results. 
2. Direction of Solvent Flow 
The direction of solvent flow can be ascending, descending, 
or horizontal. In the present work, the ascending technique was 
employed because of its simplicity and convenience. Other authors 
in the field report that both the ascending and descending method 
give comparable results (4). 
3. Apparatus Used 
A glass rectangular jar 12 inches square and 24 inches high 
was used in the present work. The papers were suspended from a 
glass rack near the top of the jar. The glass rack was supported 
by a U type glass framework and could be moved to two different 
levels of position, the first l~ inches from the top of the jar, 
and the second 5~ i.nches. When the papers were being equilibrated 
to the solvent vapors, the rack was placed in the first position and 
when development was started, the rack was lowered to the second 
position so that contact of papers and solvent could be effected. 
The jar was sealed off by a tight fitting glass ground cover. 
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4. Type of Paper 
The paper used was Wba tman No. I which is of high quality 
and permits a satisfactory flow rate of solvent in the machine 
direction of the paper. The machine direction refers to the 
direction of the orientation of the fibers in machine-made 
papers, and it is indicated on the package by the manufacturer. 
5. Nature of the Solvent System 
The solvents employed in tbe present work were of the 
highest quality reagent grade obtainable from Fischer Scientific 
Co. It is necessary to use solvents of high purity to insure 
reproducibility of results and to eliminate any contaminants 
which would appear as zones on the sprayed chromatograms. 
Blank chromatograms were run in all solvents in order to detect 
any impurities after spraying. 
The following solvent systems were used (5,6), and the 
number preceding each will serve to identify that solvent system 
when referred to in the discussion, table, and figures: 
(I) Ethanol 80, water 16, ammonia (Sp. Gr. 0.885 at 20°c) 4 by 
volume 
(II) n-Butanol 100, pyridine 30, water 40, ammonia (0.885) 20 by 
(III) 
(IV) 
(V) 
(VI) 
volume 
n-Butanol 50, l.5N ammonia 50 by volume; upper layer used 
n-Hexanol 50, l.5N ammonia 50 by volume; upper layer used 
Methyl cellosolve 80, water 16, arnrr.onia (0.885) 4 by 
volume 
n-Butanol 54, ethanol 12, l.5N ammonia 42 by volume; upper 
layer used 
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(VII) n-Hexanol saturated Nith water 
(VIII) n-~utanol saturated with water 
All solvent,systems were prepared at the temperature of the 
experiment. 
6. Quantity of Sample Applied to the Paper (Size and Marking o.f 
Paper) 
In the case of the dibasic acids, 15-50 micrograms were 
sufficient for detection. The higher concentrations caused tailing 
and diffusion of the zones which resulted in ill-defined spots. 
WI th polyols 100--200 micrograms were sufficient for detection. 
Hov.,.ever in special cases where certain polyols were difficult to 
identify, as much as 360-450 micrograms were required. The 
materials were spotted on the paper by means of a micropipet from 
2% ethanolic solution or in the case of polyols, 10% ethanolic 
solutions by weight. Terephthalic acid is insoluble in ethanol, 
and was dissolved in pyridine 2% by weight. Sorbitol, dipentek, 
pentek, and o(-metbylglucoside are insoluble in ethanol, and they 
were dissolved 10% in water by weight. It was necessary to heat 
the aqueous solutions of pentek and dipentek in order to effect 
solution. The dibasic acids and polyols studied were of a comm- 
ercial grade quality (99% purity or better). 
W'aatman No. I paper was cut into rectangular sheets 8 inches 
by 20 inches. A line was marked off lightly in pencil l~ inches 
from the bottom of the paper, and the compounds were spotted on 
this line at positions marked off ap~roximately one inch apart. 
After the compounds were spotted, the paper was folded over 
at a line marked l~ inches from the top of the paper. A glass rod 
was then placed under the fold, the papers were fastened to the 
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the rods with stainless steel clips, and then suspended from the 
glass rack .... In handling the paper, the area of development was 
not touched with the hands in order to avoid contamination. Five 
papers were placed in the jar to maintain a constant relationship 
between paper area and volume of jar. 
7. Conditions of Running the Chromatograms 
After the papers were spotted, they wer-e suspended above the 
solvent which was placed at the bottom of the jar in the case of 
the ascending technique. The papers and atmosphere of the jar 
were equilibrated to the solvent vapors overnight to insure a 
uniform composition of solvent when development takes place later. 
In this experiment one liter of solvent was used, and the con- 
ditioning time was approximately 18 hours. 
Following the conditioning period, the papers were lowered 
into the solvent, and development of the solvent up the paper was 
allowed to take place for approximately ten hours. This gave an 
ascending run of about 20-25 centimeters. After the papers were 
removed, the solvent front was marked, and the papers were dried 
in a warm current of air from a hair-dryer. Then they were sprayed 
with a suitable reagent to indicate the position of the zones. 
The temperatures employed were 20°c, 3o0c, and 44°c [ 2°c. 
Experiments performed at 2ooc were carried out in a thermostat- 
ically controlled refrigerator, and those at 30°C and 44°C in a 
similarly controlled hood. 
8 • Method of Detec tin& Zones (7) 
The dibasic acids were very easily identified by pH indi- 
cators. Bromcresol purple and Grammercy Universal Indicator 
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proved very effective. Bromcresol purple gave yellow spots on a 
purple r>ackground, and the Universa1 Indicator, red spots on a 
yellow background. 
The polyols were much more difficult to identify, and a 
number of spray reagents were required to detect all polyols. The 
following sprays were tested: alkaline permanganate, ammoniacal 
silver nitrate, lead tetra-acetate, eerie ammonium nitrate, and 
iodic acid. Ammoniacal silver nitrate proved to be the most effect- 
ive and sensitive spray reagent, and was used extensively for the 
indentification of polyols (8). The reagent was freshly prepared 
by mixing equal v0lumes of 0.2N aqueous silver nitrate and 5N 
aqueous ammonia. 
After the papers were sprayed with this mixture, they were 
heated over a hot plate to develop the zones which appeared as black 
spots of reduced silver on a brown background of silver oxide. 
9. Preparation of Other Spray Reagents 
Alkaline permanganate was freshly prepared by mixing equal 
volumes of 4% aqueous sodium carbonate and 2% aqueous potassium 
permanganate. After the ·papers were sprayed, the polyols gave 
yellow spots on a purple background which rapidly faded to a 
yellow-brown background within a few minutes. 
Lead tetra-acetate was prepared as a 1% solution by weight in 
dry benzene. It was used specifically to identify polyols containing 
hydroxyl groups on adjacent carbon atoms. The polyols appeared as 
white spots on a brown background of lead dioxide. 
Ceric ammonium nitrate was prepared by dissolving 40 grams in 
100 ml of 2N nitric acid. After spraying the papers, the polyols 
appeared as orange spots on a yellow background. 
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10. Method of Recording Results 
Id~ntification of the compound~ were made by measuring the 
RF value (rate of flow). After the compounds were revealed on 
the chromatogram, the spots were marked in pencil to obtain a 
permanent record. The RF was measured from the point of 
application of the substance to tbe leading edge of the spot. 
distance traveled by substance 
RF= distance traveled by solvent 
In the case of the dibasic acids, phthalic acid was used 
as a standard control or reference material on each chromatogram, 
and the Rp was measured: 
Rp = distance traveled by substance distance traveled by phthalic acid 
In the case of polyols, glycerine was used as the re- 
ference material, and RG was measured: 
R _distance traveled by compound 
G - distance traveled by glycerine 
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Table I Dibasic Acids 
Solvent °J: {ethanol, water, ammonf a) - 
Acid RF 
Phthalio 0.41 
Temp. 3000 
Isophthalio 
Terephthalic 
Maleie 
Fumaric 
Suocinic 
Glutaric 
Adipic 
Pimelic 
Azelaie 
Sebaoie 
Benzoic 
Het 
Petrex* 
p-t-:S-Benzoic 
Itaconie 
Pyromellitic* 
Tetrahydrophthalic 
0,43,0.49,0.44 
o.44,o.4a,o.45 
0.29,0.33,0.32 
0.38,0.37,0.39 
0.36,0.38,0.31 
o.44,0.41 
o.4s,o.5o,o.42 
o.56,0.53 
0.62,0.66,0.62 
o.6s,o.77,o.66 
o.86,o.93,0.82 
o.12,0.68 
0.15 
0.98,0.93 
0.42,0.38 
0.15 
0.47,0.40 
1.00 
1.10,1.27,1.12 
1.11,1.26,1.14 
o.?5,o.a7,o.a2 
o.96,0.9?,0.99 
o.79,o.a1,o.a2 
1 .. 04,1.05 
1.15,1.04,1.08 
1.32,1.37 
1.33,1.51,1.53 
1.46,1.71,1.73 
1.83,2.10,2.16 
1,65,1.69 
o.34 
2.17,2.34 
o.99,0.98 
o.46 
1.04,1.01 
Citric* 0.10,0.10 0.23,0.25 
Notes: {1)* These acids give subsidiary spots at RF: o.oo 
(2) RF of phthalio is average of following results: 
0.39,0.38,0.45,0.46,0.44,0.44,0.42,0.39,0.38,0.40,0.39,0.39 
(3) The RF and Rp values are given in their respective 
order 
(4) Concentration spotted= 30rg 
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Table II Dibasic Ao ids 
Soi.vent . I (ethanol,, water, ammonia.) Temp. 2000 
Aoid Rp Rp 
Phtha.lic 0.32 1.00 
Isophthalie 0.32 l.18 
Terephtha.li e 0.30 1.09 
Maleio 0.19 o.7o 
Fumario o.2s 1.03 
Sucoinio 0.31 o.9o 
Glutaric o.34 1.05 
Ad.ipie o.41 1.19 
Pimelic o.44 1.34 
Azela.io o.55 1.60 
Sebacio 0.61 1.76 
Benzoio o.74 2.16 
Het o.58 1.67 
Petrex 0.20 o.58 
p-t-B-Benzoio o.s4 2.48 
Itaconie o.2a o.s5 
Pyromellitie o.1s 0.49 
Tetrahydrophtha.lic o.34 1.06 
Citric o.1s 0.55 
Notes: 
{1) ~of phthalic is average of following results: 
0.27,0.34,0.34,0.33,0.32 
(2) Concentration spotted: 30pg 
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Table III Dibasic Acids 
Solvent 'II (n-butanol, pyridine, water, annnonia) Temp. 2ooc 
Acid 
~ Rp 
Phtha.lic 0.14 1.00 
I a oph tha li c 0.15 o.97 
Terephthalic 0.13 o.as 
Ma.leic 0.09 0.61 
Fuma.rio 0.09 0.58 
Succinic 0.09 o.58 
Glutaric 0.89 0.59 
Adi:pic 0.10 o.65 
Pimelic 0.13 o.a5 
Aze:J,a.ic 0.22 1.51 
Sebacic o.2s 1.82 
Benzoic 0.58 3.74 
Het 0.63 4.27 
Petrex* o.o9 0.61 
p-t-B-Benzoic o.s1 5.73 
It a.conic o.o9 0.62 
Pyromellitic o.oo o.oo 
Tetra:hydrophthalic 0.16 1.13 
Citric* 0.12 0.79 
Notes: 
{1)* These acids give subsidiary spots at Rp: o.oo 
(2) RF of phthalic is av-erage of following results: 
0.15,0.15,0.15,0.14,0.14,0.13 
(3) Concentration spotted= 30fg 
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Table IV Polyols 
Strength of spray reaction vs concentration of polyol spotted 
Solvent III 1n-butanol,l.5N ammonia) Temp. 2ooc 
Silver Nitrate SJ2ray 
E,olyol • £9./J.fi ~ Ethylene no rx no rx no rx 
Glycerine strong strong strong 
Di ethylene faint faint faint 
Dipropylene no rx no rx no rx 
TME no rx no rx faint 
TMP faint :faf nt faint 
Pentek medium strong strong 
1,3 Butylene no rx no rx no rx 
'Propylene no rx no rx no rx 
1,5 Pentanediol no rx no rx no rx 
Alkaline Permanganate Spra;r 
Ethylene no rx no r.x no rx 
Glycerine medium strong strong 
Di ethylene no rx no rx no rx 
Di propylene no rx no rx no rx 
TME medium medium meddirm 
TMP medium medium medium 
Pentek medium medium medium 
1,3 Butylene no rx no rx no rx 
Propylene no rx no:rx no rx 
1,5 Pentanediol no rx no rx no rx 
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Table V Polyole 
Strength of spray reaction vs concentration of polyol spotted .. 
Solvent III (n-butanol, l.5N ammonia) 
Silver Nitrate Spray 
Polyol 
Ethylene 
Glycerine 
Di ethylene 
Di propylene 
TME 
TMP 
Pentek 
1,3 Butylene 
Propylene 
1, 5 Pentanediol 
1, ~6Hexanetri ol 
Neopentyl 
Sorbitol 
Tri ethylene 
o(-Methylgluooside 
Dipentek 
180Ug 360µg 450~g r I J 
no rx no rx no r:x: 
strong strong strong 
strong strong strong 
no rx no rx no rx 
medium strong strong 
medium strong strong 
strong strong strong 
faint faint faint 
no rx faint faint 
weak weak weak 
strong strong strong 
no rx no rx no rx 
strong strong strong 
faint faint faint 
strong strong strong 
weak weak weak 
Tem;e. 30°c 
Alkaline KMn04 
1801Lg 
I 
no rx 
strong 
no rx 
no :rx 
strong 
strong 
strong 
no rx 
no rx 
weak 
strong 
no rx 
strong 
no rx 
strong 
no rx 
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Table TI Polyols 
RF and Ba. Values 
Solvent I (ethanol, water, armnonia) Temp. 20°c 
Polyol Conc.u g RF I 
Ethylene 180 0.81 1.16 
Glycerine 180 o.7o 1.00 
Di ethylene 180 0.86 1.24 
Dipropylene 450 no rx - 
TME 180 o.a3 1.14 
TMP 180 o.a9 1.22 
Pentek 180 o.7o o.97 
1,3 Butylene 450 no rx 
Propylene 450 o.92 1.15 
1,5 Pentanediol 180 o.86 1.22 
1,2,6 Hexanetriol 180 o.77 1.10 
Neopentyl 450 no rx 
Sorbitol 180 o.s1 o.73 
Tri ethylene 450 o.93 1.17 
<*-Methylglucoside 180 0.63 0.91 
Dipentek 450 o.oo o.oo 
Notes: (1) Silver nitrate spray used 
(2) ~of glycerine is average of o.70,0.70 
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Table VII Polyols 
RF and% Values 
Solvent III (n-butanol, l.5N ammonia) Temp. 20°c 
Pol:vol Cone. JLg RG I 
Ethylene 450 o.49 1.51 
Glycerine 180 0.33 1.00 
Di ethylene 180 o.53 1.55 
Di propylene 360 o.84 2.54 
TME 180 o.58 1.86 
TMP 180 o.75 2.40 
Pentek 180 0.33 1.04 
1,3 'Butylene 360 o.76 2.32 
Propylene 180 0.63 1.92 
1,5 Pentanediol 180 0.82 2.58 
1,2,6 Hexanetriol 180 0.64 2.02 
Neopentyl 450 no rx 
Sorbitol 180 o.o7 0.21 
Tri ethylene 360 o.54 1.?5 
o(.-Methylglucoside 180 0.21 0.65 
Dipentek 360 0.12 0.40 
Notes: (1) Silver nitrate spray used 
(2) RF of glycerine is average of following results 
o.33,0.31,0.33,o.35,0.31,0.32,o.32 
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Table VIII Polyola 
~ and RG Values 
Solvent III (n-butanol, l.5N arrnnonia) Temp. 3ooc 
PolI.£1 Conc.u.g RG I 
Ethylene 180 0.65 1.41 
Glycerine 180 o.38 1.00 
Di ethylene 180 o.76 1.65 
Dipropylene 450 o.97 2.21 
TME 180 o.76 1.75 
TMP 180 o.B6 1.98 
Pentek 180 o.53 1.14 
1,3 Butylene 180 o.a2 2.10 
Propylene 360 o.7s 1.90 
1,5 Pentanediol* 180 0.82 1.96 
1,2,6 Hexanetriol* 180 o.75 1.82 
Neopentyl 450 no rx 
Sorbitol* 180 0.14 o.37 
Tri ethylene 450 o.73 1.67 
o(-Methylglucoside* 180 0.27 0.68 
Dipentek 180 0.09 0.20 
Notes: ( 1 )* Alkaline permanganate spray used 
(2) Silver nitrate used for other polyola 
(3) RF of glycerine is average of o.36,0.40 
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Table VIII-A Polyols 
RF and R(} Values 
Solvent VIII {n-butanol saturated with water) 
Polyol Cone. Ut,g RF R I G 
Ethylene 180 o.43 1.45 
Glycerine 180 0.30 1.00 
Di ethylene 180 0.48 1.62 
Di propylene 450 o.?9 2.60 
TME 180 0.53 180 
TM P 180 o.67 2.30 
Pentek 180 0.32 1.09 
1,3 Butylene 450 o.72 2.38 
Propylene 450 0.66 2.18 
1,5 Pentanediol 450 o.79 2.66 
1,2,6 Hexanetriol 180 0.60 2.03 
Neopentyl 450 no rx .. 
Sorbitol 180 0.15 0.52 
Tri ethylene 450 0.55 1.83 
~-Methylglucoside 180 o.23 o.78 
Dipentek 450 o.oo o.oo 
Notes: (1) Silver nitrate spray used 
(2)RF of glycerine is average of o.30,0.30,0.29 
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Table IX Polyole 
RF and % Values 
Solvent IV ( n-h exano l , l.5N ammonia) Temp. 2ooc 
Polyol Conc. u g RF RG I 
Ethylene 180 0.28 2.08 
Glycerine 180 0.13 1.00 
Di ethylene 180 0.32 2.42 
Dipropylene 450 0.68 5.39 
T :M E 180 0.38 2.88 
TMP 180 o,58 4.37 
Pentek* 180 0.15 1.12 
1,3 Butylene 450 o.59 4.65 
Propylene 450 0.41 3.26 
1,5 Pentanediol 180 o.7o 5.39 
1,2,6 Hexanetriol 180 0.38 2.96 
Neopentyl 180 o.oo o.oo 
Sorbitol 180 o.oo o.oo 
Tri ethylene 450 o.83 6.52 
o(-Methylglucoside 180 o.oo o.oo 
Dipentek 450 o.oo o.oo 
Notes: (1) Silver nitrate spray used 
(2)* Shows subsidiary spot at RF: o.oo 
(3} RF value of glycerine is average of 0.13,0.13,0.13 
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Table X Polyols 
~ and RG Values 
Solvent VII ( n~hexanol saturated with water) .Temp. 44°c 
Polyol Cone.us ~ . I 
Ethylene 180 no rx 
Olycerine 180 0.24 1.00 
Di ethylene 180 o.54 2.09 
Dipropylene 450 no rx 
TME 180 0.61 2.44 
TMP 180 o.71 2.88 
Pentek 180 0.25 1.00 
1,3 Butylene 450 no rx - 
Propylene 450 no rx 
1,5 Pentanediol 180 no rx 
1,2,6 Rexanetriol 180 0.55 2.04 
Neopentyl 450 no rx - 
Sorbitol 180 o.oo o.oo 
Tri ethylene 450 o.53 2.50 
~-Methylglucoside 180 0.18 o.65 
Dipentek 450 o.oo o.oo 
Notes: (1} Silver ni tra.te spray used 
(2) RF of glycerine is average of 0.21,0.2?,0.25 
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Table XI Polyols 
RF and It. Values 
Solvent V {methyl cellosolve, water, ammonia) Temp. 20°c 
Polyol Cono.u,g ~ RG I 
Ethylene 180 o.76 1.02 
Glycerine 180 o.74 1.00 
Di ethylene 180 o.77 1.03 
Dipropylene 450 no rx 
TME 180 o.78 1.05 
TMP 180 o.so 1.07 
Pentek 180 0.68 0.91 
1,3 Butylene 450 o.so 1.07 
Propylene 450 no rx 
1,5 Pentanediol 180 a.Bl 1.12 
1,2,6 Hexanetriol 180 a.BO 1.10 
Neopentyl 180 0.85 1.08 
Sorbitol 180 0.64 o.89 
Tri ethylene 450 o.79 1.06 
Ci(-Methylglucoside 180 o.72 0.99 
Dipentek 450 o.oo o.oo 
Notes: (1) Silver nitrate spray used 
(2) RF of glycerine is average of 0.75,0.72,a.74 
Table XII Polyols 
Illustrated reproducibility of RF val~es when a substance 
- is spotted se;eral times on the same chromatogram 
Solvent III {n-butanol, l.5N ammonia) Temp. 20°0 
Polyol 
Glycerine 
Di ethylene 
RF 
o.33, 0.32, o.31 
o.54, o.53, o.54 
o.63, o.63, o.63 
o.7o, o.69, o.7o 
o.38, o.39, o.4o 
o.84, o.84 
o.76, o.75 
0.63, 0.63 
o.54, o.55 
0.12, 0.12 
Pentek 
t>ipr opyl ene 
1,3 Butylene 
Prmpylene 
Tri ethylene 
Dipentek 
Solvent III (n-butanol, 1.51T ammonia) Temp. 30°0 
Glycerine 
Di ethylene 
TME 
TMp 
o.39, o.4o, o.39 
0.65, 0.65, 0.68 
0.11, o.7o, o.7o 
o.?9, o.s1, o.83 
o.45, o.46, o.45 
o.s2, 0.82, o.82 
no rx,0.76, o.76 
Pentek 
1,3 Butylene 
Propylene 
1,5 Pentanediol 
Sorbitol 
Tri ethylene 
~-Methylglucoside 
Di:pentek 
o.88, o.87, o.87 
0.10, 0.11, 0.12 
o.66, o.67, o.68 
0.25, 0.26, 0.26 
o.o9, o.o9, o.o9 
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Table XIII P'ol:vols 
Ratio of CH/OH versus RF Temp. 20°c 
fbutan9l,~ ~hexan?l, ~ ammonia ammonia 
Polyol CH/OH RF ~ 
Sorbitol o.78 0.07 o.oo 
Glycerine 0.80 0.33 0.13 
Ethylene 0.82 0.49 0.28 
Pentek** 1.00 0.33 o.15 
Propylene 1.23 o.63 0.41 
Di:pentek* 1.33 0.12 o.oo 
TM E** 1.35 o.BB o.:;a 
o<-Methylglucoside* 1.38 0.21 o.oo 
TM P** 1.63 o.?5 0.58 
1,2,6 Rexanetriol 1.63 0.64 o.38 
1,3 Butylene 1.65 o.76 o.59 
Di ethylene* 1.65 o.53 0.32 
Neo:pentyl** 2.06 o.oo 
1,5 Pentanediol 2.06 0.82 o.7o 
Di:propylene* 2.46 0.84 0.68 
Tri ethylene* 2.46 o.54 0.83 
* Ether type polyols 
Branched type polyola ** 
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Discussion of Dibasic Acids 
1. Solvent Systems Employed 
Tables I and II illustrate the RF and Rp values obtained 
with solvent I (ethanol, water, ammonia) at 30°c and 20°c re- 
spectively. The series of values shown in Table I were obtained 
on separate chromatograms which were run over different periods 
of time. In most instances, two out of the three runs show a 
high order of reproducibility of RF and Rp values, with a dif- 
ference in the order of 0.01 to 0.05 unit. The overall range for 
RF values runs from 0.10 to 0.98 at 30°C and 0.16 to 0.84 at 
20°c indicating a high order of resolution for the dibasic acids. 
In general, the RF values increase with increase in temperature. 
Table III gives a list of RF and Rp values obtained at 20°c 
through the use of Solvent II (n-butanol, pyridine, water, 
ammonia). The majority of acids have RF values within a very 
limited range of 0.10 to 0.28. Therefore the ethanol, water, 
ammonia solvent is a more effective solvent system for the re- 
solution of the dibasic acids. 
It should be noted that in general Rp and RF values show a 
comparable order of reproducibility, although it would be expected 
that the control material would give a higher order of reproduc- 
ibility of RP values. The% error between individual values of 
RF and Rp, calculated against the average result, is in the range 
of 0% to 7%. 
2. Identification of Phthalic Isomers 
Reference to Tables I, II, and III, indicate that the isomers 
of phthalic, isophthalic, and terephthalic have very close RF 
values, and thus would appear to be difficult to distinquish. 
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However, Figure 9A clearly illustrates that the isomers can be 
positivel,Y characterized when run under carefully controlled 
conditions. In this case, the isomers were spotted in duplicate 
on the same paper, at a concentration of 15 micrograms. 
3. Acid Mixtures 
Figures 7, 8, and 9 illustrate the resolution of acid 
mixtures. Figure 8 shows that dibasic acids with RF values 
differing by as little as 0.04 to 0.06 unit can be resolved and 
identified. Identification can be made by visual comparison of 
the acids in the mixture versus the known acids spotted on the 
same chromatogram. Figure 9 illustrates a two-dimensional run 
which involved successive development in two different solvent 
systems as indicated on the figure. The second development was 
allowed to take place at right angles to the first. Tnis tech- 
nique is effective in separating compounds with similar RF values. 
In Figures 7, 8, and 9, the concentration of each acid is 15 
micrograms. 
4. 11]i versus Molecular Weight 
F'igure I shows the relationship between the RF values and 
the molecular weights of the aliphatic dibasic acids. As the 
homologous series is ascended, the acid becomes more soluble in 
the organic phase relative to the water phase. The RF values 
were obtained iD ethanol, water, ammonia solvent. 
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Discussion of Polyols 
1. Spray Reactions Versus Concentration of Polyols 
Examination of Tables IV and V shows that the silver nitrate 
spray produces more positive reactions with the polyols than does 
the alkaline permanganate spray at the higher concentrations. 
The subsequent tables, V through X, further substantiates the 
effectiveness of silver nitrate toward the polyols since a pre- 
dominant number were identified with silver nitrate. The inten- 
sity of the spray reaction refers to the intensity of the spot 
formed after spraying the chromatogram. 
2. Comparison of Solvent Systems 
Solvent III (n-butanol, l.5N ammonia) exhibits the following 
advantages over Solvent I (ethanol, water, ammonia) at 20°c when 
various pairs of polyols are compared: 
Solvent III Solvent I 
RF RF 
1,5 Pentanediol 0.82 0.86 
Di ethylene 0.53 0.86 
Ethylene 0.49 0.81 
T M E 0.58 0.83 
T M P 0.75 0.89 
Propylene 0.63 0.92 
Glycerine 0.33 0.70 
1,2,6 Hexanetriol 0.64 0.77 
TM E 0.58 0.83 
1,5 Pentaneciiol 0.82 0.86 
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The preceding data were taken from Tables VI and VII, 
and reveal that a higher degree of resolution between certain 
pairs of polyols is obtainable with Solvent III as compared with 
oolvent I. 
Solvent I shows the following advantages over Solvent III 
at 20°c: 
Solvent I Solvent III 
RF RF 
Diethylene 0.86 0.53 
Triethylene 0.93 0.54 
Propylene 0.92 0.63 
1,2,6 Hexanetriol 0.77 0.64 
These data were taken from Tables VI and VII. 
Solvent IV (n-:hexanol, l.5N ammonia exhibits the following 
advantages over Solvent III (n-butanol, l.5N ammonia) at 20°c: 
Solvent IV Solvent III 
RF RF 
Diethylene 0.32 0.53 
Tri ethylene 0.83 0.54 
T lVI E 0.38 0.58 
Tri ethylene 0.83 0.54 
These data were obtained from Tables VII and IX. 
Table XI lists the data obtainea with Solvent V (methyl 
cellosolve, water, ammonia) at 20°c. Almost all the polyols 
have an RF value in a very limited range of 0.7 to 0.8 indicat- 
ing the poor resolving power of this solvent system. 
Evaluation of the solvent systems as a whole indicates that 
Solvent III (n-butanol, l.5N ammonia) is the most effective in 
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resolving the polyols. However, the other solvent systems 
discussed previously possess certain unique advantages, and 
consequently, one system may be used to complement the other. 
3. Effect of Temperature 
As mentioned previously in reference to the dibasic acids, 
the RF values increase as the temperature increases. Laboratory 
experiment performed at 30°c with Solvent I (ethanol, water, 
ammonia) indicated that all the polyols migrated v:rith the solvent 
front with the exception of o( -methylglucoside (RF = 0.98) and 
sorbitol (RF= 0.84), whereas at 20°c, good resolution was ob- 
tained. In the case of Solvent III (n-butanol, l.5N ammonia), 
there is no appreciable difference in resolving power in going 
from 20°c to 3ooc, and either temperature may be used. 
4. Reproducibility of RF Values 
Table XII illustrates the high order of reproducibility of 
RF values which were obtained under carefully controlled con- 
ditions. The polyols were spotted in duplicate or triplicate 
on the same chromatogram, and it can be seen that the RF values 
agree within 0.00 to 0.01 unit in most instances. This demon- 
strates that in analyzing mixtures or individua.l unknowns , the 
most accurate and reliable results are obtained when known re- 
ference materials are spotted on the same chromatogram along with 
the unknowns. The concentration of each polyol was varied from 
either 30 to 90 micrograms or 180 to 450 micrograms with no 
appreciable effect on the reproducibility of the RF values. 
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5. High Temperature Run at 44°C (versus 20°c) 
Tables IX and X list the comparative RF values obtained 
...,, 
in Solvent IV (n-hexanol, l.5N ammonia) at 20°c versus Solvent 
'JII (n-hexanol saturated wt th water) at 44°c. Comparison of 
the RF values of the compounds identified, reveals again that 
the RF values increase as the temperature increases. This re- 
sulted in a higher degree of resolution for such compounds as 
glycerine, o{-methylglucoside, and pentek at 44°c. In addition, 
the run (180mm) was completed in six hours at 44°G as against 
eleven hours at 2ooc indicating that the higher temperature run 
is advant~geous in speeding up the analysis. The effect of 
raising the temperature in speeding up chromatographic analysis 
has been verified by J.B. Hines and L. D. Metcalfe who per- 
formed rapid chromatographic analysis of amino acids at 60°c (9). 
6. Resolution of Mixtures 
Figure 17 illustrates a unidirectional ascending run of a 
polyol mixture containing ethylene glycol, glycerine, TM E, 
TM P, and 1,2,6 hexanetriol. Reference known materials were 
spotted on the same chromatogram to facilitate identification 
of the mixture. Visual inspection of the figure shows that all 
compounds in the mixture were resolved except TM E and 1,2,6 
hexanetriol which have close RF values. The concentration of 
each polyol spotted equals 180 micrograms. 
7. Correlation of Distribution Coefficients with~ 
The distribution coefficient (K) of several polyols were 
determined through application of a standard analytical method 
involving the selective oxidizing action of periodic acid toward 
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1,2 glycols (10). In this case, K is expressed as the con- 
centration of the glycol in the organic-phase divided by the 
concentration in the water phase. Tne analysis of the glycol 
was performed only on the water phase, since the periodic acid 
analytical method is not applicable to alcohol solutions. The 
concentration of glycol in the organic phase was determined by 
taking the difference between the maximum theoretical amount 
the water phase could contain and the actual amount found in the 
water phase. 'The following data net:e obtained for glycerine, 
ethylene glycol, and propylene glycol distributed between 
n-butanol and water at 30°c: 
KxlO RF (n-butanol saturated with water) 
30°c 
Glycerine 2.95 0.30 
Ethylene 2.82 0.43 
Propylene 3.52 0.66 
These data show a direct correlation be tween K and RF ftDr 
the pair glycerine and propylene glycol, and for the pair 
ethylene glycol and propylene glycol. As the solubility of the 
polyol in the organic phase increases relative to the water phase, 
the RF value also increases since the compound migrates further 
up the paper with the mobile organic phase. Ethylene glycol and 
glycerine show a reverse relationship between Kand RF• However, 
if the ratio of CH/OH is compared versus the RF for all three 
glycols, then a direct relationship is observed between CH/OH and 
RF· This is illustrated in the following section 8. 
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The following results were obtained for glycerine distrib- 
uted between n-hexanol and water at 200c versus 44°C: 
Temp. KxlO ~ 
20°c 0.59 0.13 (n-hexanol, l.5N ammonia) 
44°C 1.06 0.24 (:n-hexanol saturated with water) 
These data verify that the solubility of glycerine increases 
in the organic phase relative to the water phase, as the temper- 
ature is increased from 20°c to 44°c. This produces a corres- 
pondingly higher RF value for glycerine. 
8. Correlation of CHfOH ratio with RF Values 
Table XIII list the ratio of CH/OH of the polyols in in- 
creasing order versus RF values for the two indicated solvent 
systems. This ratio was calculated by taking the sum of the 
atomic weights of all the carbon and hydrogen atoms in the 
aliphatic groups, and dividing this value by the sum of the 
atomic weights of all the oxygen and hydrogen atoms in the 
hydroxyl groups. The straight chain polyols show a direct re- 
lationship between the CH/OH ratio and RF values as indicated 
by the following data obtained from Table XIII: 
CH/OH 
Sorbitol 0.78 
Glycerine 0.80 
Ethylene 0.82 
Propylene 1.23 
1,2,6 Hexanetriol 1.63 
1,3 Butylene 1.65 
1,5 Pentanediol 2.06 
Solvent III Solvent IV 
RF RF 
0.07 o.oo 
0.33 0.13 
0.49 0.28 
0.63 0.41 
0.64 0.38 
0.76 0.59 
0.82 0.70 
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Summary and Conclusions 
I Dibasic Acids 
(1) The resolution of the dibasic acids was investigated 
in two different solvent systems. The ethanol, water, 
ammonia solvent was more effective than n-butanol, 
pyridine, water, ammonia solvent in resolving the acids. 
(2) The order of reproducibility of RF and Rp values is 
comparable, with an error of 0% to 7% between individual 
values calculated against the average result. 
(3) RF values increase with increase in temperature. 
(4) The phthalic isomers which have very close RF values were 
positively characterized as illustrated in Figure 9A. 
(5) Mixtures of the dibasic acids were resolved by the uni- 
directional and two-dimensional runs as illustrated in 
Figures 7, 8, and 9. 
(6) The aliphatic dibasic acids show a direct relationship 
between RF and molecular weight. The RF value increases 
as the molecular weight increases. 
II Polyols 
(1) Of the various spray reagents tested for the identifi- 
cation of the polyols, ammoniacal silver nitrate was tbe 
most effective. 
(2) The n-butanol, l.5N ammonia solvent was the most 
effective in resolving the polyols. The other solvents 
studied have unique advantages, and one solvent can be 
used to complement the other. 
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(3) RF values gave a high order of reproducibility when 
spott:d in duplicate or triplicate on the same 
chromatogram as illustrated in Table XII. The RF 
values agree within 0.00 to 0.01 unit. 
(4) RF values increase with increase in temperature. 
(5) A high temperature run at 44°C verified the fact that 
chromatographic analysis can be speeded up in increasing 
the temperature. The 44°c run was completed in six 
hours as compared with eleven hours at 20°c. 
(6) A mixture of polyols were resolved in n-butanol, l.5N 
ammonia system by means of the unidirectional ascending 
technique (Figure 17). 
(7) The distribution coefficients of several polyols were 
correlated with RF value. The results indicated that 
the partition of the solute between two immiscible 
phases is the predominant factor in determining the 
RF value. 
(8) The straight chain polyols show a direct relationship 
be twe en the CH/OH ratio and the RF value. As the non- 
polar character of the polyol increases, the RF value 
increases .. 
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Abbreviation of Polyols in Figur'es 10-20 
1. n-p-glycol 
2. 1,5 P-diol 
3. 1,2,6 H-triol 
4. o<-m-glucoside 
5. G 
6. PG 
7. DP G 
8. TE G 
9. 1, 3 B G 
10. E G 
11. D E. G 
12. TM E 
13. TM P 
= neopentyl glycol 
: 1,5 pentanediol 
• 1,2,6 hexanetriol 
= o<-methylglucoside 
: glycerine 
=propylene glycol 
= dipropylene glycol 
: triethylene glycol 
= 1,3 butylene glycol 
=ethylene glycol 
= diethylene glycol 
= trimethylolethane 
= trimethylolpropane 
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